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Questions about post-
Oroville Dam spawning 
riffles...

What is the extent of 
spawning gravels at the 
twenty main riffles between 
Oroville and Honcut Creek?
Does the size of the gravels 
change significantly in this 
reach?
Has the size changed over 
time?
Are the gravels “armored”?
What is the quality of the 
spawning gravels?
In general, what are the 
permeabilities, temperatures, 
DO’s and velocities at these 
riffles?



OBJECTIVES
MAP THE AERIAL EXTENT OF 
SPAWNING GRAVEL DEPOSITS 

DIMENSIONS
CHARACTERIZE SPAWNING 
GRAVEL RIFFLES

GRAVEL SAMPLING –
MEASURE SIZE OF GRAVELS
GRAVEL QUALITY – COMPARE 
SIZES MEAURED WITH 
OPTIMAL RANGES FOR 
SPAWNING
ALSO MEASURE 
PERMEABILITY,
TEMPERATURE AND 
DISSOLVED OXYGEN, AND 
VELOCITY OF WATER
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SCOPE OF STUDY PLAN G2 --- TASK 2 



SPAWNING RIFFLE 
CHARACTERIZATION

“WHAT IS THE AREAL EXTENT OF SPAWNING    
GRAVEL DEPOSITS?”

(measure dimensions and calculate spawning area)



TASK 1.2---Mesohabitat Mapping
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Spawning Habitat 
Mapping at “Riffles”
“Riffles” = 20 named 
reaches in Low and High 
Flow that are named and 
have historically 
significant salmon 
spawning
relied on Task 1.2 
mesohabitat mapping of:

pools
riffles
runs
glides
backwaters

riffles
low flow = 19 acres
high flow = 45 acres

Feather River Geomorphic Features - 2003 (Low Flow)
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(21%)

Pool
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(34%)

Run
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Glide
5 acres (6%)

Backwater 
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Feather River Geomorphic Features - 2003 (Low Flow)
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SPAWNING RIFFLE 
CHARACTERIZATION

“HAVE THE SIZES OF SPAWNING GRAVELS 
CHANGED SPATIALLY AND/OR OVER TIME?”

(analyze representative areas at the heads of    
riffles with bulk gravel sampling and surface 

sampling techniques)



gravel bargravel bar

poolpool

gravel bargravel bar

runrun

runrun
riffleriffle

ideal gravel 
sampling 
location at 
top of riffle

validates comparisons 
of samples by 
minimizing local 
variability 
samples gravels where 
salmon are spawning

SAMPLING PROTOCOLS (lateral)



SAMPLING PROTOCOLS 
(VERTICAL)



GRAVEL SAMPLING METHODS

WOLMAN COUNTS (SURFACE)

BULK 
SAMPLING 
(SUB-
SURFACE)

BULK 
SAMPLING 
(SURFACE)



WOLMAN 
SAMPLING

surface sampling 
technique 
measures b-axis of 
pebble
easy and quick
100 pebble minimum



Wolman Grid Setup at Weir Riffle



BULK (volumetric) 
SAMPLING
surface and sub-
surface sediments
sieving into different 
size ranges
fairly labor and time 
intensive



BULK SAMPLING AT AUDITORIUM RIFFLE, 2003



BULK SAMPLING AT ALECK RIFFLE, 2003



BULK SAMPLE SIEVING AND WEIGHING

OFFICEFIELD



Cumulative Grain Size CurveCumulative Grain Size Curve

COBBLECOBBLE GRAVELGRAVEL SANDSAND CLAY OR SILTCLAY OR SILT

HYDROMETER 
ANALYSIS                 
(not done)

FIELD 
SIEVING 
AND 
WEIGHING

LAB 
SIEVING 
AND 
WEIGHING
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DWR Gravel Sampling and Discharge, Lower Feather River,Thermalito Outflow 
to Honcut Creek (High Flow), 1982 - 2003

0

20000

40000

60000

80000

100000

120000

140000

160000

1/ 1/ 80 1/ 1/ 81 1/ 1/ 82 1/ 1/ 83 1/ 1/ 84 1/ 1/ 85 1/ 1/ 86 1/ 1/ 87 1/ 1/ 88 1/ 1/ 89 1/ 1/ 90 1/ 1/ 91 1/ 1/ 92 1/ 1/ 93 1/ 1/ 94 1/ 1/ 95 1/ 1/ 96 1/ 1/ 97 1/ 1/ 98 1/ 1/ 99 1/ 1/ 00 1/ 1/ 01 1/ 1/ 02 1/ 1/ 03

1986 Flood -
150,000 cfs

1997 Flood -
140,000 cfs

1982 
gravel 
sampling 2002-03 

gravel 
sampling

1996 
gravel 
sampling



DWR Bulk and Wolman Sampling,
FDD to Honcut Creek           

(1982 - 2003)
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DWR Gravel Sampling at 
Steep Riffle; 1982 - 2003



GRAVEL SAMPLE ANALYSIS



GRAVEL SAMPLE STATISTICS

calculated standard descriptive 
statistics = mean (D50), standard 
deviation, skewness, kurtosis and 
sorting
also geometric mean (Dg)
= (D16*D84)0.5

most useful = D50 and Dg
D50 (mean) more understandable
Dg more usable for gravel quality 
analysis
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bulk sub-surface
Bulk Subsurface D50 by River Mile (1982-2003)
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Auditorium Riffle -
Changes in Surface 
Gravels



TASK 7 – Predicted Changes in D50 Gravel Diameter



SPAWNING RIFFLE 
CHARACTERIZATION

“ARE THE GRAVELS ARMORED?”



GRAVEL 
ARMORING

A

B

Armor Index=  
A/B



SOME CAUSES OF 
GRAVEL ARMORING

GRAVEL MINING – creates 
hydraulic “drop” that 
increases channel gradient

LEVEES – restriction of floodway 
concentrates flow

OROVILLE DAM – blocks recruitment of fresh 
gravel while releases continue to transport 
gravel; also moderates flood events



Armoring Ratio D50a/D50b by River Mile (1982-2003)

Armoring Ratio Dga/Dgb by River Mile (1982-2003)
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RIVER ARMORING

Gravel bed sampling in 1982, 1996, and 
2002-03 indicates that armoring is becoming 
more severe with time
Bed armoring extends down to Honcut Creek
Parts of the Low Flow reach armored with 
cobbles and boulders too coarse for salmon 
to move --- salmon forced to spawn in less 
than ideal conditions



SPAWNING RIFFLE 
CHARACTERIZATION

“WHAT IS THE QUALITY OF SPAWNING GRAVELS?”
(compare gravel sample statistics with optimal 

ranges for spawning) 



SPAWNING 
GRAVEL 
QUALITY CRITERIA

Coho
Species Source Place

Coho
Coho
Coho
Culthroat
Sockeye
Steelhead
Steelhead

Koski, 1966
Phillips, et al., 1975
Tagart, 1976
Cederholm, Unpublished
Cederholm et al., 1974
Cooper, 1975
Phillips, et al., 1975
Cederholm, et al., 1974

Drift Creek, OR
Laboratory
Clearwater Creek, WA
Laboratory
Slequaleho Creek, WA
Laboratory
Laboratory
Slequaleho Creek, WA
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GRAVEL QUALITY RATINGS



Gravel Quality Ratings

Fine gravel data suggest that, on the average, 
samples meet fine spawning gravel quality 
criteria 
Also the spawning process probably removes 
some of the fines
Coarse gravel data indicates that many of the 
samples are coarser than optimal for salmon to 
move especially in the Low Flow reach



SPAWNING RIFFLE 
CHARACTERIZATION

“IN GENERAL WHAT ARE THE PERMEABILITIES, 
TEMPERATURES, DISSOLVED OXYGEN LEVELS, 

AND VELOCITIES AT THESE RIFFLES?”
(take appropriate measurements; also try diurnal 

sampling)



PERMEABILITY TESTING



Permeability, 
Temperature and 
Dissolved Oxygen

15 riffles tested October 
through November 
2003
testing performed at 6”, 
12” and 18” depth
also diurnal 
measurements 
performed at Auditorium 
Riffle



RESULTS

Permeabilities generally 
high in the top 12”, 
significantly lower below
River water and 
intragravel temperatures 
nearly equal (generally 
within 1/10 degree 
Celsius
DO generally high
Diurnal testing showed 
little variation in DO or 
temp



VELOCITY 
MEASUREMENTS

Point values taken 
during permeability 
testing
Also detailed 
measurements taken 
during Wolman grid 
sampling at Hatchery, 
Eye, and Steep 
Riffles



Eye Riffle Velocities 08/06/03

0.5 to 4.5 ft/sec

top of riffle

dune
trough

permeability 
measurements



SPAWNING RIFFLE 
CHARACTERIZATION

GRAVEL DATA USES



GRAVEL DATA USES
Estimate size of surface 
and subsurface gravels 
at specific riffles ---
useful for ripping and 
raking strategies for 
habitat improvement
Quantify size of dredging 
tailings for possible use 
in gravel augmentation



SPAWNING RIFFLE 
CHARACTERIZATION

THE END


